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(54) SUBMERSIBLE MOTOR AND SEAL SECTION 




an We, BORG-WARNER COR- 
PORATION, a Corporation organized and 
existing under the laws of the State of Dela- 
SSTKtad States of America of 200 South 

5 Michigan Avenue, Chicago, Illinois 60604, 
UnitedStates of America do hereby declare 
the invention for which we pray that a patent 
may be granted to us, and the method by 
Sch it is to be performed, to be F"™** 

10 described in and by the following state- 
ment: — 

This invention relates to a submersible 
motor and seal section for a submersible 
cump. More particularly, it relates to a sub- 
15 mersible motor and seal section contmmg 
a single lubricating and cooling fluid which 
concurrently resists ingress of well fluid. 

Submersible pumps are . widely used for 
pumping water or crude oil from deep w eUs- 
20 Generally, these pumps include i rnoto : and 
seal section units filled with a fluid which 
serves as a coolant and a lubricant for Jhe 
raving parts of the motor. The seal section 
S usullly disposed between the pump and 
25 the motor along the operating shaft and 
includes at least one rotary seal wruch pre- 
vents ingress of well fluid along the shaft. 
In addition, the seal section serves as a reser- 
voir for the lubricating and cooling fluid 
30 and accommodates expansion and c° ntrac "°" 
of the fluid during on-and-off cycling of the 
motor. Necessarily, the fluid m the seal 
section is in communicauon with the well 
Sonment to accommodate fluid expansion 
and therefore means must b«= Provided to 
effectively block ingress of well fluid which 
would damage motor parts and ultimately 
result in premature breakdown. 

A problem long associated with the design 
of submersible motors and seal sections ha 
been that of effectively blocking ingress ot 
anibient well fluid. The difficulty of separa- 
tor! of motor and well fluid was compbcated 
by the miscibilitv of well fluid with known 
45 fabricating and cooling fluids. Also, jolutions 
that effectively blocked ingress of well fluid 
were poor lubricants or ineffective coolants. 
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Recent developments have included utili- 
zation of an intermediate fluid interposed 
Keen die lubricating and cooling fluid and 50 
thTanTbient well fluid in the seal section. The 
SreSate fluid is insoluble in, and usually 
than both the lubricaung and cool- 
STHdXi £ well fluid. Well fluid drawn 
too the seal section is separated from the » 
Xicating and cooling fluid by the interme- 
diate fluid. As a result, contamination of 

**t£?SZ ESb* fiuid rV S ^ 60 
described necessitates complicated seal secaon 60 

Sruction, to ensure effective blockage of 
ambient well fluid over prolonged periods. 
feSftkn, critical assembly procedures and 
ireful handling of the seal section ^ are ^re- 
otSed to establish and maintain the proper 65 
?Sonsmp between the blocking fluid and 
the lubricating and cooling fluid. 

A«Sg to the present invention there i 
provided a submersible pump motor and seal 
section including a casing containing a longi- ,0 
mcUnally elongate electric motor including 
a sS?or and a rotor rotatably supported with 
?elpect tS said stator, a rotor shaft extending 
KSdinally outward of the motor, a seal 
Stion Grounding the shaft and connected 75 
£ fluid tight relation to the casing, the seal 
Action including at least one rotary seal d s- 
nosed in scaling engagement with the rotor 
Saft the seal section defining, between the 
SSJg and the rotary seal, at least one hollow 80 
cSmber in fluid communication with the in- 
S of the casing and with the ambient 
environment external to the seal section, and 
rifaShomogeneous lubricating, cooling and 
Hocking fluid filling the spaces of the casing 85 
bSS die rotor and the stator jmd « .least 
a%ortion of the seal secuon chamber, tne 
finSe homogeneous fluid being a fiuonnated 
SJr having a specific gravity greater than 
nnp at 77 F whereby when the motor and 90 
sS section are submersed, the fluid blocks 
the Ss of well fluid into .the casing and 
effective to provide lubricauon and cool- 
ins of the motor. . og 

The present invention will now be des- V3 
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cribcd, by way of example, with reference 
to the accompanying drawings, wherein: 

Figure 1 is an elevational view, on a 
reduced scale, and partially in section, show- 
5 ing a submersible motor and seal section 
disposed in operative association with a sub- 
mersible pump and disposed within a well 
bore, 

Figure 2 is a continuous sectional eleva- 

10 tional view of the seal section portion of a 
submersible motor and seal section made in 
accordance with the present invention, and 
Figure 3 is a continuous sectional eleva- 
tional view of the motor portion of a sub- 

15 mersible motor and seal section made in 
accordance with the present invention. 

Referring specifically to the drawings, there 
is illustrated a submersible motor and seal 
section generally designated 10 comprising a 

20 motor 11 and a seal section 12. 

As seen in Figure 1 the motor and seal 
section 10 are normally operatively associated 
with a pump 13 deep below the surface of 
the # earth in an oil or water well generally 

25 designated 174. Fluid piping 16 supports the 
pump, motor, seal section assembly within 
the well and appropriate electrical conduc- 
tors (not shown) are connected between a 
power supply at the surface and the motor. 

30 The pump 13 and motor 11 are connected 
by a common drive shaft generally desig- 
nated 18 which extends through the seal 
section 12. The drive shaft is normally con- 
structed of separate shaft sections, as illus- 

35 trated, including a motor shaft 18a, a seal 
section shaft 18b and a pump shaft (not 
shown) which are connected together as at 
20 to form a single rotatable shaft. 
The motor 11 is filled with a lubricating 

40 and cooling fluid 22 which insures prolonged 
motor service life even under adverse en- 
vironmental conditions. The motor 11 and 
real section 12 are connected in fluid tight 
relation and the seal section defines internal 

45 chambers which are also filled with the fluid 
22 and are in communication with the motor 
11. The seal section 12 is open to, and in 
communication with, the ambient well en- 
vironment. In this way, volume increase due 

50 to expansion of the motor fluid is accom- 
modated by displacement of fluid to the well 
cavity. However, by virtue of the communi- 
cation of the seal section 12 with both the 
motor 10 and the well environment, it is 

^5 essential that the fluid within the seal section 
block ingress of well fluid which would con- 
taminate the motor and cause premature 
failure. The single fluid 22 of the motor and 
seal section comprises both a lubricating and 

60 cooling fluid essential to motor operation and 
a blocking fluid which prevents contamina- 
tion of the motor by ambient well fluid. 

Referring now to Figure 3, the motor 11 
includes an outer housing or casing 23 which 

65 protects the inner motor elements from the 



fluid in the well. A stator 25 is afiixed in 
the casing by snap rings 27. 

A motor rotor 29 is supported by the 
motor shaft 18a internally of the motor 
stator 25. The rotor is affixed to the shaft 70 
in any suitable manner such as by a key and 
keyway arrangement. 

The motor shaft 18a is supported within 
the motor for vertical operation by upper 
bearings generally designated 33, intermediate 75 
bearings located along the shaft generally 
designated 35, and lower bearings generally 
designated 37. The upper bearing 33 in- 
cludes thrust pads 39 which support the axial 
thrust of the shaft and motor. 80 

The shaft 18a includes a central bore 41 
which allows flow of the lubricating and 
cooling fluid internally of the drive shaft. 
The upper and lower ends of the shaft 18a 
are provided with impeller type pumps 43 85 
and 45 which upon rotation of the drive 
shaft during motor operation effect pumping 
of the lubricating and cooling fluid within 
the motor casing 23 as indicated by the flow 
arrows. 90 

The lowermost end of the casing 23 defines 
a fluid cooling arrangement 47 extending 
below the lowermost end of the shaft 18a. 
The cooling arrangement includes a cylin- 
drical wall 49 spaced inwardly of the casing 95 
23 and including a plurality of apertures 
51. This wall defines with the casing a fluid 
path 53 adjacent the internal surface of the 
casing 23. Internally of the cylindrical wall 
49 there is disposed a filter media 55 sur- 100 
rounding the end of the shaft 18a. 

During motor operation the lower impeller 
pump 45 receives fluid from a chamber 56 
below the rotor and stator and effects move- 
ment of the lubricating and cooling fluid 22 105 
in the annular fluid path 53 in heat exchange 
relation with the casing 23 and radially in- 
wardly through the apertures 51, through 
the filter media 55 and vertically upwardly 
through the central bore 41 of the motor shaft 110 
18a. 

The motor shaft includes transverse bores 
57 at a periodic interval which allows lubri- 
cating and cooling fluid to exit the central 
bore at intervals along the shaft such as at 115 
the bearing 35. 

The central bore 41 is in communication 
with the upper impeller pump 43 and lubri- 
cating fluid is pumped radially outwardly 
through the upper impeller pump and flows 120 
downwardly through the casing as indicated 
by the flow arrows between the motor starter 
25 and rotor 29 through gas spacing 59 and 
back to chamber 56. 

A central bore 41 of the motor shaft 18a 125 
extends upwardly to the upper end of the 
shaft 18a. The motor shown in Figure 3 is 
connected to the seal section 12 shown in 
Figure 2 by bolts 63. The seal section pre- 
vents ingress of ambient well fluid along the 130 
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operating shaft 18 into the pump motor 11 
and further accommodates volume^ changes 
of the motor lubricating and cooling fluid 
due to temperature changes experienced 

5 during on-and-off cycling of the motor. 

The seal section 12 as seen in Figure 2 
includes a tubular housing 119 having its 
upper end connected to a seal retainer 121 
and a lower end connected to a partition 

10 member 123. A second tubular housing 125 
extends from the partition member 123 and 
is secured to a connector head 126. These 
members are all axially aligned in surround- 
ing relation to the shaft 18b. The seal re- 

15 tainer 121 is connected to the pump 13 and 
the upper end of the seal section shaft 18b 
is connected to the pump shaft. 

A support tube 127 having an internal 
diameter larger than the diameter of the 

20 operating shaft 18b is disposed in surround- 
ing relation to the shaft and defines an 
annular passage 128. The tube 127 is sup- 
ported at its lower end in the partition mem- 
ber 123. It is supported at its upper end by 

25 a journal bearing 129 secured to the seal 
retainer 121. In addition, a plurality of sleeve 
tvpe journal bearings 131 are disposed along 
the shaft which are affixed to the support tube 
127 and serve to rotatably support the shaft 

30 18b. 

The second tubular housing 125 includes 
a thrust bearing assembly and impeller 
arrangement generally designated 133 which 
serves to rotatably support the shaft 1.8b 
35 against axial thrust and, in addition, provides 
tor circulation of lubricating and cooling fluid 
associated with the motor 11. In addition it 
includes a heat exchange arrangement 
generally designated 136 through which cir- 
40 culated lubricating and cooling fluid is caused 
to flow in heat exchange relation with the 
internal surface of the tubular member 125. 
This cooled fluid then returns to the motor 
through the connector head 126 through 
45 passage 137. 

The shaft 18b includes a central bore 161 
in communication with the bore 41 of the 
shaft 18a. This bore extends upwardly for a 
portion of the length of the shaft 18b and 
50 terminates above the bearing and impeller 
arrangement 133. . 

A lateral passage 141 is provided in the 
shaft to allow the motor fluid to pass from 
the axial internal bore 161 to the annular 
55 passage 128 defined by the shaft and support 
tube 127. The sleeve type journal bearings 
131 and bearing 129 include appropriately 
formed grooves which allow free passage of 
motor fluid along the shaft within the annular 
60 passage 128. 

The outer surface of the support tube 127 
and the inner surface of the tubular housing 
119 define an elongated annular chamber 
143 having an upper end defined by the seal 
65 ietainer 121 and a lower end defined by the 



partition member 123. This chamber is 
divided into radially outer portion 145 and 
a radially inner portion 147 by tubular 
member 149. 

A passage 144 provides communication 70 
between the annular passage 128 and the 
radially inner portion 147 at the upper end 
of the chamber. Therefore, the chamber 143 
is in direct fluid communication with the 
motor 10 through the annular passage 128, 75 
lateral passage 141, and axial internal bore 
161. In this manner, any expansion of motor 
fluid experienced due to increased tempera- 
ture of the fluid will cause movement of the 
fluid upwardly through the annular passage 80 
128 into the chamber 143. Conversely, any 
contraction of the motor fluid due to a re- 
duction in motor fluid temperature will cause 
movement of motor fluid from the chamber 
143 downwardly through the annular passage 85 
128 to the motor. 

A plurality of rotary seals generally desig- 
nated 155 are provided within the seal re- 
tainer 121. They are disposed in surround- 
ing relation to the shaft and provide an essen- 90 
tially fluid tight seal between the rotating 
shaft 18b and the non-rotating seal section 
12. This arrangement prevents ingress of 
ambient well fluid into the motor 11 along 
the operating shaft. The seals 155 define with 95 
the seal retainer 121, chambers 171 and 173. 
These chambers are in communication with 
the lowermost end of the annular chamber 
143 through conduits ^ 177 and 179. The 
pumping action and circulation of ambient 100 
well fluid and the fluid 22 which occurs upon 
leakage of one or more of these seals and 
which acts to maximize the effective life of 
the seal section 11 is well known in the art 
and forms no part of this invention. 105 

A chamber 154 defined by seal retainer 
121 above the seals is in communication with 
the ambient well fluid along the- extension - 
of the shaft 18 upwardly to the pump 13. A 
conduit formed by a bore 157 in seal retainer 110 
121 provides fluid communication between 
the chamber 154 and the radially outer por- 
tion 145 of the chamber 143. Thus a serpen- 
tine path communicating between the ambient 
well fluid at chamber 154 and the motor 11 115 
is defined bv the bore 157, the radially outer 
portions 145 of the bore 143, the radially 
inner portion 147, the bore 144, the passage 
128, the transverse bore 141, the bore 161, 
r.nd the bore 41 in the motor shaft 18a. 120 

The lubricating and cooling fluid 22 com- 
prises a single homogeneous fluid filling both 
the motor 11 and the seal section 12. The 
fluid possess the necessary properties render- 
ing it effective for lubricating and cooling of 125 
the motor and further for providing effective 
blockage of ambient well fluid within the 
seal section chamber 143 to prevent ingress 
of the well fluid through the central bore 
161 of the seal section shaft into the motor 12. 130 



4 



1,349,389 



2f 



To accomplish the functions of lubricating 
and cooling the motor 11, as well as block- 
ing ingress of well fluids, the fluid 22 must 
possess certain essential properties. The fluid 

5 must have sufficient dielectric strength to pre- 
clude electrical breakdown due to its presence 
in the motor. It must be compatible with 
the motor components and in particular it 
must be compatible with the motor winding 

10 insulation and bearing materials. The fluid 
must posses sufficient lubricity to provide 
adequate protection for the bearings of the 
motor and seal section, even under heavy 
load and at elevated operating temperatures. 

15 Since cooling of the motor is an important 
function of the fluid, it must have adequate 
thermal conductivity to insure dissipation of 
motor heat. In addition, it must withstand 
the temperatures experienced in the motor 

20 environment without loss of its essential 
properties. 

To provide effective blocking of well fluid, 
the motor lubricating and cooling fluid 22 
must. be essentially immiscible in water and 
25 hydrocarbon fluids which are normally 
present in an oil or water well. Further, the 
specific gravity must be greater than the 
fluids present in the well to insure retention 
of the fluid 22 in the structure 10 to the 
30 exclusion of the ambient well fluid. 

Fluids considered suitable for application 
as the combined lubricating and cooling fluid 
ond blocking fluid 22 should preferably 
possess certain minimum properties, or at 
35 least sufficient combinations of these proper- 
ties to render them effective for use in par- 
ticular well enviroments. As can be appreci- 
ated, variations in well environment such as 
ambient well fluid composition, ambient tem- 
40 perature, and pumping load will dictate 
accompanying variations in the minimum 
acceptable properties of a suitable fluid. 
Generally, the following minimum properties 
are preferred for the lubricating and cooling 
45 and blocking fluid 22. 

Dielectric strength — at least 30 KV per 

1/10" at 80° C. 
Maximum operating temperatures — above 
250°F. 

50 Coefficient of friction— at least 0.020 at 
70 °F., 400 RPM and a 1001b. load. 



Specific gravity — greater than 1.00 at 
77°F. 

Immiscibility — Immiscible in water and oil 
with specific gravities of 1 or less than 1. 55 

Viscosity— about 95 Saybolts at 100°F. 

Flash point— above 350°F. 

One example of a fluid found particularly 
suitable as the fluid 22 is a fluorocarbon 
ether having a chemical composition: 60 

F(CFCF 2 0) 5 CHFCF 3 

CF 3 

This fluid is one of a series of fluorinated 
ethers produced by E. I. DuPont & Company 
under the designation "Freon E" series. 
Homologs of the composition have been pro- 65 
duced wherein "n" in the radical 

(CFCF 2 0) a 

CF 3 

ranged from 1 to 5. Generally speaking, each 
of these homologs possess most of the proper- 
ties maging it suitable for use as the fluid ?0 
22. They are stable, both chemically and 
thermally, and are compatible with many 
plastics, elastomers and coatings. They are 
ron-flammable, low in toxicity and possess a 
wide liquid range. They have a high dielectric 75 
strength and resistivity. In addition, they are 
an effective heat transfer media and are good 
lubricants at low and moderate temperatures. 
Further, they are less than 1% soluble in 
hydrocarbon oil at 75°F. and the solubility 80 
in water at 77 °F. is less than 25 parts per 
million. 

The homolog n=5 is particularly suitable 
because of its high boiling point and ability 
to withstand elevated operating temperatures 85 
normally encountered in well pumping opera- 
tions. In addition, this homolog presents 
superior resistance to water contamination. At 
77 °F. the solubility of water in the homolog, 
n=5, is negligible. 90 

Some of the important properties of the 
homolog n = 5 of the fluorinated ether are 
summarized as follows: 



breakdown voltage Liquid 49 KV (rms) 

95 Boiling point 435.6°F. 

Specific gravity at 77°F. 1.79 

Solubility in water at 77°F. less than 25 ppm. 

Solubility of water at 77°F. nil 

Solubility of Sun Oil Company's AHT 
100 transformer oil at 77°F. less than 1% 

Solubility of Sun Oil Company's AHT 
transformer at 77° F. less than 1% 

Thermal conductivity at 77°F. 0.0387 Btu/(hr) (ft) (°F) 

Viscosity at 77°F. 0.5 to 0.7 Cp. 

105 1. ASTM test D 877, 0.1" gap between planes one atmosphere, 25°C 
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One particular fluid is specifically described. 
However, as can be appreciated, any fluid may 
be used as long as it possesses sufficient of 
the various preferred minimum properties dis- 
5 closed to operate effectively in the particular 
well environment. 

At assembly, the entire motor and seal 
section 10 is filled with the homogeneous 
lubricating and cooling and blocking fluid 22 
10 such as the homolog n=5 of the fluorinated 
ether. Filling is accomplished through appro- 
priate filler pons such as the port 159 shown 
in Figure 3. • -m 

Placement of the motor and seal section 10 
15 in a well, generally speaking, results in an 
increase in temperature due to the higher 
ambient temperature in the well environment. 
This increase in temperature causes expan- 
sion of the fluid 22 and a small quantity of 
20 fluid is excelled to the well through the bore 
157 and top chamber 154. Motor operation 
further increases fluid temperature and an 
additional quantity of fluid 22 is expelled 
from the motor and seal section. 
25 when the motor is shut down, the fluid will 
cool to the ambient temperature of the well, 
and will contract allowing well fluid to enter 
the bore 157 and the uppermost end of the 
radially outer portion 145 of the chamber 143. 
30 Due to the specific gravity of the fluid 22 
the lubricating and cooling and blocking fluid 
will remain in the lower portion of the 
chamber 143. Since the fluid is essentially 
immiscible in well fluid, an interface will be 
35 formed, as illustrated at 160, and no well 
fluid will be allowed to enter the remainder 
of the seal section. 

Subsequent on-and-off cycling of the motor 
11 will cause the interface to move upwardly 
40 and downwardly within the radially outer 
portion 147 of the chamber 143. The volume 
of the radiallv outer portion is sufficient to 
prevent movement of the interface 160 below 
the bottom end of the tubular member 149 
45 during off cycles of the motor. The volume of 
the radially outer portion therefore must be 
at least equal to the contemplated change in 
volume of the fluid 22 between maximum and 
minimum temperature conditions. 
50 The motor *11 is protected against ingress 
of ambient well fluid until leakage of the 
seals 155 or loss of fluid 22 to the well allows 
sufficient quantities of well fluid to enter the 
seal section 12 that upon cooling, the well 
55 fluid contracts into the motor. However, the 
use of a motor and seal section of the type 
described, possessing the homogeneous lubri- 
cating and cooling and blocking fluid 22 is 
expected to provide satisfactory service, even 
60 under extreme environmental conditions, for 
a period far exceeding the expected lifetime 
of the associated well pump. Therefore, an 
efficient and effective arrangement is disclosed 
which, through the use of a single motor fluid, 
65 provides for cooling, lubrication and protec- 



tion from contamination insuring continued 
motor reliability during its service life. 



WHAT WE CLAIM IS: — 
1. A submersible pump motor and seal 
section including a casing containing a longi- 70 
tudinally elongate electric motor including a 
stator and rotor rotatably supported with 
respect to said stator, a rotor. shaft extending 
longitudinally outward of the motor, a seal 
section surrounding the shaft and connected 75 
in fluid tight relation to the casing, the seal 
section including at least one rotary seal dis- 
posed in sealing engagement with the rotor 
shaft, the seal section defining, between the 
casing and the rotary seal, at least onehollow 
chamber in fluid communication with the 
interior of the casing and with the ambient 
environment external to the seal section, and 
a single homogeneous lubricating, cooling and 
blocking fluid filling the spaces of the casing » 
between the rotor and the stator and at least 
a portion of the seal section chamber, the 
single homogeneous fluid being a fluorinated 
ether having a specific gravity greater than 
one at 77° F, whereby when the motor and w 
seal section are submersed, the fluid blocks 
the ingress of well fluid into the casing and 
is effective to provide lubrication and cooling 
of the motor. Q c 

2. A submersible pump motor and seal 
section as claimed in claim 1, wherein the 
single homogeneous fluid is a fluorinated ether 
having a chemical composition of 

F(CFCF. 2 0) 5 CHFCF 3 . 
CF a . 

3. A submersible pump motor and seal 100 
section as claimed in claim 1, wherein the 
fluorinated ether posssesses a breakdown 
voltage of about 49 KV (rms), (liquid, ASTM 
test D 877, 0.1" gap between planes, one 
atmosphere, 25°C), a boiling point of about IV> 
435.6°F, a specific gravity at 77°F of about 
1,79, a solubility in water at 77°F. of less 
than 25 ppm, a negligible solubility of water 
at 77°F., a solubility in Sun Oil Company's 
AHT transformer oil at 77°F of less than 110 
1%, a solubility of Sun Oil Company's AHT 
transformer oil at 77 °F. of less than 1%, a 
thermal conductivity at 77°F. of about 0.0387 
Btu/(hr) (ft) (°F), and a viscosity at 77°F. 
of about 0.5 to 0.7 Cp. 115 

4. A submersible pump motor and seal 
section as claimed in claim 1, wherein the 
single homogeneous fluid possesses a dielec- 
tric strength of at least 30 K.V per 1/10" 
at 80° C, a maximum operating temperature 120 
above 250 °F., a coefficient of friction of at 
least 0.020 at 70° F., 400 RPM and a 100 lb. 
load, a specific gravity greater than 1.00 at 
77° F., a viscosity of about 95 Saybolts at 
100°F., a flash point above 350°F., and is 125 
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immiscible in water and oil with specific 
gravities of 1 or less than 1. 

5. A submersible pump motor and seal 
section as claimed in any one of claims 1 to 
4, wherein the hollow chamber is so con- 
structed that the communication between the 
seal section and the part of the casing con- 
taining the motor is remote from the com- 
munication between the seal section and the 
ambient well environment. 



6. A submersible pump motor and seal 
section substantially as hereinbefore described 
with reference to and as shown by the accom- 
panying drawings. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, 
London, WC1R 5EU. 
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